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METHOD FOR REDUCING DEFECTS OF 
GATE OF CMOS DEVICES DURING 

CLEANING PROCESSES BY MODIFYING A 
PARASITIC PN JUNCTION 

BACKGROUND 

1. Field of the Disclosure 
The present disclosure generally relates to the fabrication 

of integrated circuits, and, more particularly, to the manufac 
ture of CMOS gate structures comprising a pre-doped gate 
material, such as a pre-doped polysilicon, With an improved 
uniformity of the dopant distribution. 

2. Description of the Related Art 
The fabrication of integrated circuits involves the forma 

tion of a very large number of circuit elements on a given chip 
area according to a speci?ed circuit layout using a plurality of 
complex process steps. Generally, a plurality of process tech 
nologies are currently practiced, Wherein, for logic circuitry, 
such as microprocessors, storage chips and the like, CMOS 
technology is currently one of the most promising approaches 
due to the superior characteristics in vieW of operational 
speed and/or poWer consumption and/or cost e?iciency. In 
this technology, millions of complementary transistors, i.e., 
N-channel transistors and P-channel transistors, are formed 
on an appropriate substrate, Wherein the ongoing demand for 
an improved circuit functionality from a given chip area or a 
reduction of chip area While maintaining circuit functionality 
necessitates the scaling of transistor dimensions. 
MOS transistors are formed in and on semiconductor 

regions de?ned in a substrate by isolation structures, such as 
shalloW trench isolations and the like. A typical MOS tran 
sistor comprises PN junction regions that are separated from 
each other by a channel region, the conductivity of Which is 
controlled by a gate electrode formed above the channel 
region and separated therefrom by a thin insulating layer. The 
dimension of the channel region corresponding to the shortest 
distance betWeen the tWo PN junction regions, Which are also 
referred to as drain region and source region, is denoted as 
channel length and represents a dominant design character 
istic of the MOS transistor. The channel Width is the dimen 
sion of the channel in the substrate plane in the direction 
perpendicular to the length direction. The channel Width is 
determined by the spacing betWeen the isolation structures in 
this direction. 
By reducing the channel length and Width of the transistor, 

not only the transistor siZe but also the functional behavior 
thereof may be speci?cally designed so as to obtain a desired 
transistor performance. The channel length is associated With 
the gate length and may, in typical MOS transistors, be less 
than the gate length since the source and drain extension 
typically may extend beloW the gate electrode to a certain 
degree. Presently, a gate length of approximately 0.05 pm and 
less may be encountered in advanced CMOS devices. 

Although the continuous siZe reduction of transistor ele 
ments has provided signi?cant advantages in vieW of perfor 
mance and/ or poWer consumption, a plurality of issues has to 
be addressed so as to not unduly offset some of the advantages 
that are gained by the reduced dimensions of the circuit ele 
ments. For example, the fabrication of the circuit components 
having the critical dimensions, such as the gate electrode of 
the transistor element substantially determining the channel 
length, requires considerable efforts to reliably and reproduc 
ibly form these tiny circuit components. For instance, it is an 
extremely complex process to form gate electrodes having a 
gate length that is Well beloW the Wavelength of the UV 
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2 
radiation used to transfer a layout image from a reticle to a 
resist layer formed on the substrate. 
A further dif?culty arises from the fact that the PN junc 

tions are de?ned by dopant pro?les that are, at least partially, 
created by ion implantation and subsequent anneal cycles. 
Since, typically, reduced feature siZes necessitate higher 
dopant concentrations to compensate for the reduced conduc 
tivity oWing to reduced cross-sectional areas, complex 
implantation cycles are required, Wherein the vertical and 
lateral dopant pro?le has to be precisely controlled to achieve 
the desired transistor performance. Since the dopants 
implanted are subjected to diffusion upon elevated tempera 
tures of the device during the further manufacturing pro 
cesses, for activating the dopants and curing implantation 
induced lattice damage, very strict requirements have to be 
met With respect to a thermal budget that describes the diffu 
sivity of the dopants over time. The source/ drain implantation 
is performed by using the gate electrode as an implantation 
mask, thereby providing an increased dopant level in the gate 
electrode, Which is typically provided in the form of polysili 
con. 

A reduced transistor gate length also requires extremely 
shalloW PN junctions in order to maintain the required con 
trollability of the channel conductivity. Thus, the doping lev 
els and pro?les required in the drain and source regions of 
advanced transistor elements may necessitate implant pro 
cesses that may be insuf?cient to achieve the required con 
ductivity of the polysilicon gate electrode. Moreover, due to 
the non-uniform dopant distribution of these drain/ source 
implantations, the resulting dopant concentration in the poly 
silicon gate electrode may not be appropriate for preventing 
undesired gate charge carrier depletion during transistor 
operation. 

To overcome this problem, a polysilicon pre-doping pro 
cess is typically performed after deposition of the polysilicon 
gate layer and prior to the gate patterning step. The polysili 
con pre-doping is typically performed by ion implantation 
based on implantation parameters so as to substantially avoid 
penetration of dopants through the gate insulation layer, 
Which otherWise may cause severe damage. 

Consequently, the conventional approach may provide 
enhanced control of the electronic characteristics of the gate 
electrode structures of complex CMOS devices While, hoW 
ever, an increased degree of device failures may be observed 
after completion of the transistor structures, as Will be 
described in more detail With reference to FIGS. 1a-1e. 

FIG. 1a schematically illustrates a top vieW of a CMOS 
device, that is, a semiconductor device including ?eld effect 
transistors of different conductivity type, that is, P-channel 
transistors and N-channel transistors. The device 100 may 
comprise a substrate (not shoWn in FIG. 1a), above Which is 
formed a semiconductor layer 103, in Which are de?ned 
respective active regions or transistor regions 100A, 100B by 
means of an isolation structure 102. For example, the region 
100A may correspond to an N-channel transistor While the 
region 100B may correspond to a P-channel transistor. Fur 
thermore, as indicated by the dashed line 105, a gate electrode 
is to be formed so as to extend above the regions 100A, 100B 
so that a respective gate electrode material has to be doped 
according to the conductivity type of the respective transis 
tors 100A, 100B as explained above. 

FIG. 1b schematically illustrates a cross-sectional vieW of 
the device 100 as indicated by the line Ib in FIG. 1a. As 
illustrated, in the manufacturing stage shoWn, the device 100 
comprises a substrate 101, Which may represent any appro 
priate carrier material for forming thereabove the semicon 
ductor layer 103, Which may typically be a silicon layer since 
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the vast majority of complex CMOS devices is presently, and 
Will be in the near future, made of silicon due to the superior 
availability and the Well-understood characteristics thereof. 
The substrate 101 in combination With the semiconductor 
layer 103 may form a “bulk” con?guration in Which the 
semiconductor layer 103 may represent an upper portion of 
the substantially crystalline material of the substrate 101, 
While, in other cases, a silicon-on-insulator (SOI) con?gura 
tion may be used in Which a buried insulating layer (not 
shoWn) may be positioned betWeen the substrate 101 and the 
semiconductor layer 103. Furthermore, a gate insulation layer 
106A is formed on the semiconductor layer 103 and, depend 
ing on the process for forming the gate insulation layer 106A, 
i.e., deposition or oxidation, the layer may or may not be 
formed on the isolation structure 102. For example, the gate 
insulation layer 106A may typically be comprised of silicon 
dioxide With an appropriate thickness corresponding to the 
overall characteristics of the transistors 100A, 100B. More 
over, a polysilicon layer 105A is formed on the gate insulation 
layer 106A With an appropriate thickness as required for the 
further processing for forming the gate electrode 105. Fur 
thermore, an implantation mask 107, such as a resist mask, is 
formed above the device 100 such that the transistor region 
100B may be covered, While the transistor region 100A may 
be exposed to an ion bombardment 108 for introducing a 
desired dopant species, such as an N-type dopant species. 

The semiconductor device 100 as shoWn in FIGS. 1a and 
1b may be formed on the basis of the folloWing conventional 
process techniques. After providing the substrate 101 having 
formed thereabove the semiconductor layer 103, depending 
on the overall device strategy, the isolation structure 102 may 
be formed, for instance, by Well-established lithography tech 
niques for providing an etch mask, folloWed by an etch pro 
cess for forming respective trenches in the semiconductor 
layer 103 doWn to a desired depth. Thereafter, an appropriate 
insulating material, such as silicon dioxide, possibly in com 
bination With silicon nitride, may be deposited in order to ?ll 
the respective trenches With an insulating material. Next, 
excess material may be removed, for instance by etching, 
chemical mechanical polishing (CMP) and the like, thereby 
also providing an enhanced surface topography for the sub 
sequent process steps. It should be appreciated that, in 
advanced integrated circuits, minimum feature siZes have 
reached a deep sub-micron range, thereby also requiring sig 
ni?cant efforts in terms of suppressing contamination of the 
device 100, although the number of process steps may have 
increased With increasing complexity of the semiconductor 
devices. For this reason, exposed surface portions of a semi 
conductor device may have to be subjected to ef?cient clean 
ing processes in order to remove contaminations, such as 
organic species, metallic species and the like, Which may 
otherWise have a signi?cant in?uence on the further process 
ing of the device. For example, the complex etch recipes 
typically used in patterning advanced features, such as the 
isolation structures 102 and also subsequent structures, such 
as the gate electrode 105, and also steps such as CMP, may 
result in a signi?cant surface contamination in the form of 
organic etch residues, defect particles and the like, thereby 
requiring e?icient cleaning strategies for Which a plurality of 
e?icient Wet chemical processes have been established. Thus, 
prior to the formation of the gate insulation layer 106A, a 
respective Wet chemical cleaning process may be performed. 
Thereafter, the gate insulation layer 106A may be formed, for 
instance, by oxidation, possibly in combination With deposi 
tion, depending on the overall requirements. Thereafter, the 
polysilicon layer 105A may be formed, for instance by loW 
pressure chemical vapor deposition (LPCVD) based on Well 
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4 
established deposition recipes. Next, the resist mask 107 may 
be formed by photolithography and the ion implantation pro 
cess 108 may be performed on the basis of appropriately 
selected implantation parameters so as to introduce a moder 
ate dopant concentration into the exposed portion of the poly 
silicon layer 105A doWn to a speci?ed depth, Which is typi 
cally selected such that signi?cant penetration of the gate 
insulation layer 106A and the underlying silicon material 
may be avoided. It should be appreciated that, prior to or after 
forming the isolation structure 102, respective implantation 
sequences may be performed to de?ne the required base 
doping in the respective transistors 100A, 100B. In the 
example shoWn, it may be assumed that the transistor 100A 
may receive a P-type dopant so as to form an N-channel 
transistor by de?ning highly N-doped drain and source 
regions in a later manufacturing stage. Similarly, the transis 
tor 100B may have received an N-type dopant species in order 
to form a P-channel transistor by de?ning heavily P-doped 
drain and source regions in a later stage. 

FIG. 10 schematically illustrates the device 100 in a further 
advanced manufacturing stage, in Which an implantation 
mask 109 covers the region of the transistor 100A, While 
exposing the region of the transistor 100B during a further 
implantation process 110 for introducing a P-type dopant 
species into the exposed portion of the polysilicon layer 
105A. Also, in this case, appropriately selected implantation 
parameters, such as energy and dose, may be selected so as to 
suppress undue penetration of the underlying gate insulation 
layer 106A and the semiconductor layer 103. After the 
implantation process 110, the implantation mask 109 may be 
removed and the further processing may be continued, for 
instance, by cleaning the resulting surface and depositing an 
anti-re?ective coating (ARC) material, if required, folloWed 
by a mask material, such as resist and the like, for forming an 
appropriate etch mask for patterning the polysilicon layer 
105A. For this purpose, Well-established process techniques 
may be used. Thereafter, a sophisticated etch process may be 
performed by using plasma assisted and Wet chemical etch 
techniques for patterning the polysilicon layer 105A, While 
using the gate insulation layer 106A as an etch stop material. 

FIG. 1d schematically illustrates a cross-sectional vieW 
according to the line ld, as illustrated in FIG. 1a, after the etch 
process and after the removal of any unWanted materials, such 
as photoresist, any hard mask material and/ or ARC material 
and the like. Thus, as illustrated, the transistor 100A com 
prises the gate electrode 105 With a gate length, i.e., in FIG. 
1d, the horizontal extension of the gate electrode 105, in 
accordance With the design rules and the process variations 
occurring during the previously described patterning 
sequence. Furthermore, as previously explained, the plurality 
of the preceding process steps may require an additional 
cleaning process 111 in the form of a Wet chemical step to 
e?iciently remove contamination prior to performing subse 
quent process steps. For this purpose, a plurality of Wet 
chemical solutions have been established, Wherein, for 
instance, a mixture of ammonia (Nh3) and hydrogen peroxide 
(H202) (APM) has proven to be a highly e?icient cleaning 
agent. Thus, during the Wet chemical cleaning process 111, 
APM may be supplied With a speci?c concentration and at a 
prede?ned temperature in order to ef?ciently remove any 
contaminants. HoWever, although APM represents a highly 
e?icient Wet chemical cleaning agent, a reaction rate may 
signi?cantly depend on the electrochemical conditions dur 
ing the etch process, Which may sensitively depend on the 
presence of any metal residues, Wherein it has been observed 
that APM may initiate extensive etching of polysilicon mate 
rial in the presence of even very loW metallic surface con 
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taminations. Consequently, depending on the degree of sur 
face contamination by any metal residues, a more or less 
pronounced attack of the gate electrode 105 may occur during 
the Wet chemical cleaning process 111 . After the process 111, 
the further processing may be continued on the basis of Well 
established CMOS techniques. 

FIG. 1e schematically illustrates the transistor 100A in an 
advanced manufacturing stage. As illustrated, the transistor 
100A comprises a spacer structure 112 on sideWalls of the 
gate electrode 105, Which has formed therein a metal silicide 
region 114. Respective metal silicide regions 114 may also be 
formed in drain and source regions 113, Which laterally 
enclose a channel region. In the example shoWn, the transistor 
100A represents an N-channel transistor so that the drain and 
source regions 113 as Well as an upper portion of the gate 
electrode 105 may comprise a moderately high concentration 
of an N-dopant species, While a loWer portion of the gate 
electrode 105, indicated as n', may be doped With a concen 
tration as provided by the implantation process 108 (FIG. 1b) 
in order to enhance the electrical characteristics of the gate 
electrode 105. Furthermore, as previously indicated, in some 
cases, a signi?cant etch damage may be observed in the gate 
electrode 105, Which is assumed to be caused by the Wet 
chemical cleaning process 111 on the basis of APM, as pre 
viously discussed. Consequently, the damaged carrier 105B 
may signi?cantly affect the overall characteristics of the gate 
electrode 105 and thus of the transistor 100A, Which may lead 
to increased yield losses in sophisticated CMOS devices. 

The present disclosure is directed to various methods and 
devices that may avoid, or at least reduce, the effects of one or 
more of the problems identi?ed above. 

SUMMARY OF THE DISCLOSURE 

The folloWing presents a simpli?ed summary of the dis 
closure in order to provide a basic understanding of some 
aspects disclosed herein. This summary is not an exhaustive 
overvieW, and it is not intended to identify key or critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts in a 
simpli?ed form as a prelude to the more detailed description 
that is discussed later. 

Generally, the present disclosure relates to CMOS devices 
and techniques for manufacturing the same, in Which yield 
losses caused by etch damage of gate electrode structures may 
be reduced by modifying a parasitic PN junction in gate 
electrode materials prior to performing sophisticated Wet 
chemical cleaning processes, as may be required after the 
patterning of the gate electrode structure and prior to the 
further processing for completing the transistor structure. 
Without intending to restrict the present disclosure to the 
folloWing explanation, it is assumed that the “electrostatic” 
charge distribution in the vicinity of the parasitic PN junction, 
Which may be created in the semiconductor gate electrode 
material prior to the patterning thereof, may have a signi?cant 
in?uence on the overall etch characteristics of sensitive Wet 
chemical cleaning processes, in particular in the presence of 
even minute metallic surface contaminations. Hence, an 
appropriate modi?cation of the respective parasitic PN junc 
tion may therefore result in reduced electrical ?elds and thus 
a less pronounced generation of charges Within a signi?cant 
portion of the semiconductor-based gate electrode material, 
thereby also reducing the degree of sensitivity With respect to 
metallic surface contaminations in a corresponding Wet 
chemical cleaning process. The modi?cation of the respective 
parasitic PN junction may, in some illustrative aspects dis 
closed herein, be accomplished on the basis of an additional 
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6 
implantation process for introducing an inert species, such as 
nitrogen, thereby reducing the creation of space charge, or 
even completely disrupting the respective PN junction. In 
other illustrative aspects disclosed herein, the characteristics 
of the parasitic PN junction may be adjusted such that sig 
ni?cantly reduced electric ?eld strings may occur, Which may 
also result in a reduced creation of electrostatic charges. Con 
sequently, a signi?cant increase of yield may be accom 
plished during the formation of complex CMOS devices 
While not unduly contributing to the overall process complex 
ity. 
One illustrative method disclosed herein comprises 

implanting an inert species in a layer of a gate electrode 
material, Which is formed above a substrate and has a P-doped 
layer portion and an N-doped layer portion. The method 
further comprises forming a ?rst gate electrode from the 
P-doped layer portion and a second gate electrode from the 
N-doped portion. Additionally, the method comprises per 
forming a Wet chemical cleaning process and forming a ?rst 
transistor on the basis of the ?rst gate electrode and a second 
transistor on the basis of the second gate electrode. 
A further illustrative method disclosed herein relates to 

forming a CMOS device. The method comprises forming a 
gate electrode material on a gate insulation layer and forming 
an N-doped region and a P-doped region in the gate electrode 
material. Moreover, a junction region betWeen the N-doped 
region and the P-doped region is modi?ed so as to reduce an 
electrostatic potential near the junction region. The method 
further comprises forming a ?rst gate electrode from the 
N-doped region and a second gate electrode from the P-doped 
region and performing a Wet chemical cleaning process on the 
?rst and second gate electrodes. 
An illustrative CMOS device disclosed herein comprises a 

P-channel transistor comprising a ?rst gate electrode, Which 
comprises a ?rst metal silicide region in contact With a ?rst 
silicon-containing region, Wherein the ?rst metal silicide 
region comprises an inert species With a ?rst concentration. 
The CMOS device further comprises an N-channel transistor 
comprising a second gate electrode, Which comprises a sec 
ond metal silicide region in contact With a second silicon 
containing region, Wherein the second metal silicide region 
comprises the inert species With a second concentration that is 
approximately equal to the ?rst concentration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIG. 1a schematically illustrates a top vieW of a CMOS 
device at an early manufacturing stage; 

FIGS. 1b-1e schematically illustrate cross-sectional vieWs 
of the CMOS device during various manufacturing stages in 
accordance With a conventional process strategy for pattem 
ing a gate electrode structure using ef?cient Wet chemical 
cleaning processes on the basis of APM; 

FIGS. 2a-2e schematically illustrate cross-sectional vieWs 
of a CMOS device during various manufacturing stages prior 
to actually patterning a gate electrode structure including a 
sequence for modifying a parasitic PN junction, according to 
illustrative embodiments; 

FIGS. 2fl2g schematically illustrate top vieWs of the semi 
conductor device prior to and after the patterning of gate 
electrode structures, according to illustrative embodiments; 
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FIGS. 2h-2i schematically illustrate cross-sectional vieWs 
along the lines as shown in FIG. 2g during further advanced 
manufacturing stages, according to illustrative embodiments; 

FIGS. 3a-3b schematically illustrate cross-sectional vieWs 
of a CMOS device during various manufacturing stages in 
forming a gate electrode material and modifying parasitic PN 
junctions thereof, according to still further illustrative 
embodiments; and 

FIGS. 4a-4c schematically illustrate cross-sectional vieWs 
of a CMOS device during various manufacturing stages in 
forming a gate electrode material including different types of 
dopant and a modi?ed PN junction, according to still further 
illustrative embodiments. 

While the subject matter disclosed herein is susceptible to 
various modi?cations and alternative forms, speci?c embodi 
ments thereof have been shoWn by Way of example in the 
draWings and are herein described in detail. It should be 
understood, hoWever, that the description herein of speci?c 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modi?cations, equivalents, and alternatives fall 
ing Within the spirit and scope of the invention as de?ned by 
the appended claims. 

DETAILED DESCRIPTION 

Various illustrative embodiments are described beloW. In 
the interest of clarity, not all features of an actual implemen 
tation are described in this speci?cation. It Will of course be 
appreciated that in the development of any such actual 
embodiment, numerous implementation-speci?c decisions 
must be made to achieve the developers’ speci?c goals, such 
as compliance With system-related and business-related con 
straints, Which Will vary from one implementation to another. 
Moreover, it Will be appreciated that such a development 
effort might be complex and time-consuming, but Would nev 
er‘theless be a routine undertaking for those of ordinary skill in 
the art having the bene?t of this disclosure. 

The present subject matter Will noW be described With 
reference to the attached ?gures. Various structures, systems 
and devices are schematically depicted in the draWings for 
purposes of explanation only and so as to not obscure the 
present disclosure With details that are Well knoWn to those 
skilled in the art. Nevertheless, the attached draWings are 
included to describe and explain illustrative examples of the 
present disclosure. The Words and phrases used herein should 
be understood and interpreted to have a meaning consistent 
With the understanding of those Words and phrases by those 
skilled in the relevant art. No special de?nition of a term or 
phrase, i.e., a de?nition that is different from the ordinary and 
customary meaning as understood by those skilled in the art, 
is intended to be implied by consistent usage of the term or 
phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special de?nition Will 
be expressly set forth in the speci?cation in a de?nitional 
manner that directly and unequivocally provides the special 
de?nition for the term or phrase. 

The present disclosure provides techniques and CMOS 
devices in Which a modi?cation of the junction region 
betWeen a P-doped and an N-doped portion of a semiconduc 
tor gate electrode material may be modi?ed prior to perform 
ing a Wet chemical cleaning process in order to reduce yield 
losses during the further process for completing the basis 
transistor structure. As previously discussed, it is believed 
that sensitive Wet chemical cleaning processes, for instance 
based onAPM, may have a signi?cant in?uence on the overall 
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8 
quality of the manufacturing process, in particular With 
respect to the gate electrode structure, Which may result in 
signi?cant yield loss according to conventional techniques. 
Without intending to restrict the present disclosure to the 
folloWing explanation, it is believed that a modi?cation of the 
parasitic PN junction, for instance by the incorporation of an 
appropriate inert species, such as nitrogen, xenon, argon and 
the like, may result in a signi?cantly reduced sensitivity of 
Wet chemical etch recipes With respect to variations of etch 
rate of a gate electrode material under consideration. For 
example, it is assumed that a certain degree of “equalization” 
of electrostatic charges or space charges may signi?cantly 
reduce the sensitivity of Wet chemical cleaning solutions, 
such as APM, thereby reducing undue etch damages of the 
gate electrode structure. In other illustrative embodiments 
disclosed herein, the general con?guration of the respective 
parasitic PN junction may be modi?ed, for instance, by using 
tilted implantation steps during the incorporation of a desired 
base doping of the gate electrode material, thereby also reduc 
ing the sensitivity of Wet chemical cleaning agents With 
respect to etch rate variations. If desired, a respectively modi 
?ed parasitic PN junction may additionally be treated With an 
ion implantation by incorporating an inert species, Wherein a 
reduced dose may be employed, thereby also reducing any 
effect on the overall characteristics of the gate electrode struc 
ture, for instance With respect to conductivity and the like. 
Thus, the overall production yield may be increased, While 
not unduly contributing to the overall process complexity, 
since, in some illustrative embodiments, one additional 
implantation process may be used Which may be performed 
as a non-masked implantation process, While in other cases a 
signi?cant modi?cation of the parasitic PN junction may be 
accomplished Without additional process steps. 

FIG. 2a schematically illustrates a cross-sectional vieW of 
a CMOS device 200 comprising a substrate 201 above Which 
is formed a semiconductor layer 203. The substrate 201 may 
represent any appropriate carrier material, such as a crystal 
line semiconductor material, an insulating material and the 
like, as may be appropriate for forming above the semicon 
ductor layer 203, Which may be provided in any suitable 
con?guration, i.e., in the form of a silicon material, silicon/ 
germanium material or any other semiconductor compound. 
In some illustrative embodiments, the semiconductor layer 
203 may represent a silicon-based layer, i.e., a semiconductor 
material including a signi?cant amount of silicon, possibly in 
combination With other components, such as germanium, tin 
and the like, in order to appropriately adjust the desired elec 
trical characteristics, Wherein respective components may 
only be locally provided in the semiconductor layer 203, 
depending on the overall requirements. It should be appreci 
ated that the layer 203 may be provided in the form of a 
substantially crystalline material With an appropriate orien 
tation, Which may also locally vary depending on the device 
requirements. In the embodiment shoWn, the semiconductor 
layer 203 may represent an upper portion of a substantially 
crystalline material of the substrate 201, While, in other cases, 
a buried insulating layer (not shoWn) may be provided, 
Wherein, hoWever, the buried insulating layer may only be 
locally formed above the substrate 201, so as to provide a bulk 
con?guration in some device areas While providing an SOI 
con?guration in other areas. Furthermore, a gate insulation 
layer 206A is formed on the semiconductor layer 203 and, 
depending on process strategy, also on an isolation structure 
202, Which may de?ne respective active regions in the semi 
conductor layer 203, as is also explained above With reference 
to the device 100. In the example shoWn, the gate insulation 
layer 206A may be provided as a substantially continuous 
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layer, Which may include any appropriate material, such as an 
oxide material of the underlying semiconductor material, any 
other dielectric material, such as silicon nitride, silicon oxyni 
tride, a high-k dielectric material Which is to be understood as 
a dielectric material having a dielectric constant of 10 or 
higher, such as hafnium oxide, Zirconium oxide and the like. 
In other cases, the layer 206A may comprise a plurality of 
different materials, for instance, a silicon dioxide material, a 
silicon nitride material, possibly in combination With a hi gh-k 
dielectric material. A layer 205A of gate electrode material 
may be formed on the gate insulation layer 206A With a 
desired thickness and material composition. For example, the 
layer 205A may comprise polysilicon, possibly in combina 
tion With other semiconductor materials, such as germanium 
and the like. Moreover, in the manufacturing stage shoWn, an 
implantation mask 209 may cover a device region 200A and 
expose a device region 200B, Which may, for convenience, 
also be referred to as transistors 200A, 200B, since, after 
patterning the gate electrode layer 205A, respective transistor 
elements are to be formed in the areas 200A, 200B. 

The device 200 as shoWn in FIG. 211 may be formed on the 
basis of similar process techniques as previously described 
With reference to the device 100. For example, prior to or after 
forming the isolation structure 202, a respective base-doping 
pro?le may be de?ned in the semiconductor layer 203 corre 
sponding to the regions 200A, 200B on the basis of Well 
established implantation techniques. The isolation structure 
202 may be formed, as previously explained, folloWed by a 
process sequence for forming the gate insulation layer 206A, 
Which may comprise sophisticated oxidation and/or deposi 
tion techniques, depending on the desired material composi 
tion of the layer 206A. Thereafter, the layer 205A may be 
deposited, for instance, by LPCVD, and thereafter an appro 
priate implantation may be formed to actively introduce an 
N-type dopant species into the layer 205A corresponding to 
the region 200A, as is previously explained. After removal of 
the respective implantation mask, the mask 209 may be 
formed and an implantation process 210 may be carried out to 
introduce a P-type dopant species into the exposed portion of 
the layer 205A. 

FIG. 2b schematically illustrates the device 200 in an 
advanced manufacturing stage in Which the layer 205A may 
be exposed to an ion implantation process 220 designed to 
introduce an inert species, that is, an electrically non-active 
species, into layer 205A, Wherein, in the embodiment shoWn, 
the implantation process 220 may be performed as a non 
masked implantation process, thereby avoiding any addi 
tional lithography steps. During the ion implantation process, 
the respective process parameters, that is, the implantation 
energy and the dose, i.e., the ion current and the process time, 
may be appropriately selected so as to obtain a desired con 
centration across the layer 205A, Without undue penetration 
of the gate insulation layer 206A and the underlying semi 
conductor layer 203. To this end, Well-established simulation 
techniques may be used, possibly in combination With per 
forming test runs, in order to establish an appropriate process 
parameter set. Additionally, appropriate concentration values 
for the inert species 221 Within the layer 205A may be deter 
mined by selecting different parameters and monitoring the 
process results during the further processing of the device 200 
in vieW of etch damages of a gate electrode structure still to be 
formed. For example, a maximum concentration of the inert 
species 221, When using nitrogen, may be on the same order 
of magnitude as the dopant species introduced into the layer 
205A so that respective adaptation of the concentration of the 
species 221 to the concentrations of the N-type dopant spe 
cies and the P-type dopant species may be achieved. For 
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example, for introducing nitrogen as the inert species 221, 
implantation energies of several keV to approximately 60 
keV for a thickness of the layer 205A in the range of 100-200 
nm may be used, thereby creating a maximum concentration 
Within the layer 205A of approximately 1019 nitrogen atoms 
per cubic centimeter. 

FIG. 20 schematically illustrates the device 200 according 
to still further illustrative embodiments in Which the implan 
tation process 220 may be performed prior to pre-doping gate 
electrode material 205A. That is, the inert species 221, such as 
nitrogen and the like, may be incorporated after the deposi 
tion of the layer 205A. 

FIG. 2d schematically illustrates the device 200 during an 
implantation process 208 performed on the basis of an 
implantation mask 207 that covers the device region 200B 
While exposing the region 200A for introducing a desired 
dopant species, Which, in embodiments shoWn, may be an 
N-type dopant. Thereafter, the respective implantation pro 
cess may be performed in a similar manner as previously 
described With reference to FIG. 2a in order to introduce a 
P-type dopant into the layer 205A. 

FIG. 2e schematically illustrates the device 200 after the 
implantation sequence for introducing the desired dopant 
species and an inert species 221 so that, at a junction region 
222, in Which the N-type species and the P-type species may 
form a respective PN interface area, may also include a cer 
tain amount of the inert species 221, thereby signi?cantly 
modifying the overall characteristics With respect to the 
building up of electrostatic charge in areas adjacent to the 
junction region 222. Without intending to restrict the present 
disclosure to any theory, it is believed that the presence of the 
inert species may halt the electronic characteristics of the 
junction region 222 of the polycrystalline material of the layer 
205A, Which, in some illustrative embodiments, may not be 
annealed at this manufacturing stage so that the presence of 
the inert species, even in a moderately loW concentration, may 
signi?cantly reduce the capability for charge carrier diffusion 
and thus the creation of extended electrostatic charges, as may 
be the case in conventional techniques Without modifying the 
parasitic PN junction. 

FIG. 2f schematically illustrates a top vieW of the device 
200 prior to patterning the gate electrode layer 205A. As 
illustrated, the regions 200A, 200B are separated by the iso 
lation structure 202, above Which is substantially positioned 
the junction region 222 including the modi?ed PN junction. 
In this stage, an appropriate patterning sequence may be 
performed on the basis of Well-established techniques, as 
previously described, in order to form gate electrode struc 
tures for the transistors 200A, 200B, Which may be connected 
across the isolation structure 202. 

FIG. 2g schematically illustrates the device 200 With a gate 
electrode 205 formed above the regions 200A, 200B and the 
isolation structure 202. Furthermore, a critical area 223 cen 
tered around the junction region 222 may exhibit a reduced 
electrostatic charge due to the modi?ed PN junction, as pre 
viously explained. 

FIG. 2h schematically illustrates a cross-sectional vieW as 
indicated by the lines lli left, lli right as shoWn in FIG. 2g. 
That is, the gate electrode 205 is shoWn in cross-sectional 
vieW on the left-hand side for the transistor 200A and on the 
right-hand side for the transistor 200B. As previously 
explained, after the complex patterning sequence, including a 
plurality of etch processes, the device 200 may be subjected to 
a Wet chemical cleaning process 211, for instance on the basis 
of APM, in order to remove organic contaminants, particles 
and the like. During the process 211, an increased etch rate 
variability of the Wet chemical cleaning agent may be reduced 
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due to the previously performed modi?cation of the gate 
electrode material 205A, Which is believed to cause a corre 
sponding modi?cation of the PN junction in the region 222, 
thereby also reducing or substantially equalizing electrostatic 
charges in the critical region 223. Consequently, the cleaning 
process 211 may be performed on the basis of Well-estab 
lished and highly e?icient recipes While signi?cantly reduc 
ing any unWanted undue etch damages of the exposed gate 
electrodes 205. Thereafter, the further processing may be 
continued on the basis of Well-established process tech 
niques, that is, drain and source regions may be formed in the 
semiconductor layer 203 by using appropriately dimensioned 
spacer structures in combination With anneal cycles. It should 
also be appreciated that, in some illustrative embodiments, an 
anneal process may be performed after the cleaning process 
211 in order to activate the dopants in the gate electrodes 205, 
Which may also result in a certain degree of “re-establish 
ment” of a PN junction in the region 222, Which, hoWever, 
may not negatively affect the further processing after per 
forming the critical cleaning process 211. In other cases, a 
respective anneal process may be omitted and the dopants in 
the gate electrodes 205 may be activated during respective 
anneal processes for activating the drain and source regions in 
a later manufacturing stage. 

FIG. 2i schematically illustrates the device 200 in a further 
advanced manufacturing stage When the basic structure of the 
transistors 200A, 200B is completed. That is, each of the 
transistors 200A, 200B may comprise the gate electrode 205, 
Wherein the gate electrode 205 of the transistor 200A may 
comprise an N-doped portion 205N, When the transistor 200A 
represents an N-channel transistor, While the gate electrode 
205 of the transistor 200B may comprise a P-doped portion 
205P. Moreover, in the portions 205N, 205P, the inert species 
221 may be present in a concentration and the respective 
concentration pro?le that is approximately equal to both tran 
sistors 200A, 200B When the gate electrodes 205 are formed 
on the basis of the same basic material, since, in this case, 
substantially the same diffusion behavior may be obtained for 
the inert species 221. In other cases, the concentration pro?le 
may differ, While, hoWever, the concentration may be 
approximately the same due to a common implantation pro 
cess for incorporating the inert species 221. Moreover, the 
gate electrodes 205 may each comprise a metal silicide region 
214 When the gate electrodes 205 comprise a signi?cant 
amount of silicon material. Also, in this case, the metal sili 
cide regions 214 may have substantially the same concentra 
tion With respect to the inert species 221 due to the previous 
implantation process. Furthermore, each of the transistors 
may comprise a respective sideWall spacer structure 212 and 
drain and source regions 213, Which enclose a respective 
channel region 215. Furthermore, metal silicide regions 214 
may also be provided in the drain and source regions 213. The 
transistors 200A, 200B as shoWn in FIG. 21' may be formed on 
the basis of Well-established process techniques including the 
deposition of appropriate spacer materials in combination 
With etch stop material, the patterning of these materials for 
forming individual spacer elements of the structure 212, 
Which may then be used as an implantation mask in combi 
nation With the gate electrodes 205 in order to obtain the 
desired vertical and lateral dopant pro?le for the drain and 
source regions 213. Thereafter, the device 200 may be 
annealed, thereby activating the dopant in the gate electrodes 
205 and the drain and source regions 213, While also re 
crystalliZing damaged structures in the semiconductor layer 
203. Thereafter, the metal silicide regions 214 may be 
formed, for instance, by depositing a refractory metal and 
initiating a chemical reaction With the underlying silicon 
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material, Wherein a certain amount of inert species may also 
be present, as previously explained. Thus, by providing the 
inert species 221, such as nitrogen, undue etch attack of the 
gate electrodes 205 may be signi?cantly suppressed, thereby 
increasing process yield. 

With reference to FIGS. 3a-3b, further illustrative embodi 
ments Will noW be described in Which the gate electrode 
material may be formed by selectively depositing gate elec 
trode material including an appropriate dopant species. 

FIG. 3a schematically illustrates a cross-sectional vieW of 
a semiconductor device 300 comprising a substrate 301, a 
semiconductor layer 303, in Which an isolation structure 302 
separates a region 3 00A from a region 3 00B. Moreover, a gate 
insulation layer 3 06A may be formed on the layer 3 03. For the 
components described so far, the same criteria apply as pre 
viously explained With reference to the devices 100 and 200. 
Furthermore, the ?rst gate electrode material 305A is formed 
above the layer 303 corresponding to the region 300A and 
may include an appropriate dopant species as required for the 
transistor to be formed in the region 300A. Moreover, a sec 
ond gate electrode material 305B may be formed above the 
layer 305A and on the exposed portion of the gate insulation 
layer 306A. The second gate electrode material 305B may 
comprise a respective dopant species, as desired. The device 
300 as shoWn in FIG. 311 may be formed on the basis of the 
folloWing processes. The isolation structure 302 and the gate 
insulation layer 306A may be formed on the basis of process 
techniques as previously described. Thereafter, the ?rst gate 
electrode material 305A may be deposited, for instance, by 
LPCVD, Wherein an appropriate dopant species may be 
incorporated into the deposition ambient at any appropriate 
stage of the deposition process in order to obtain a desired 
dopant concentration and vertical dopant pro?le. Thereafter, 
a lithography mask may be formed and an unWanted portion 
of the layer 305A may be removed by appropriate etch tech 
niques, Wherein, in a ?nal phase, a highly selective Wet 
chemical etch step may be used to reduce unWanted damage 
of the gate insulation layer 306A. Thereafter, the second layer 
305B may be deposited, While also incorporating an appro 
priate dopant species into the deposition ambient at a desired 
stage of the deposition process to establish the desired con 
centration and pro?le. Thereafter, excess material of the layer 
305B may be removed, for instance, by CMP, thereby also 
creating a substantially planar surface topography. 

FIG. 3b schematically illustrates the device 300 during an 
ion implantation process 320 in order to introduce an inert 
species 321, such as nitrogen. In other cases, other appropri 
ate species, such as xenon, argon and the like, may be used. 
With respect to any process parameters of the implantation 
process 320, the same criteria apply as previously explained 
With reference to the implantation process 220. Thereafter, 
the further processing may be continued as described above in 
order to pattern the layers 305A, 305B to form respective gate 
electrodes and performing a cleaning process on the basis of 
e?icient Wet chemical agents, as previously described. 

With reference to FIGS. 4a-4c, further illustrative embodi 
ments Will noW be described in Which a modi?cation of a 
parasitic PN junction may be accomplished by performing 
tilted implantation processes. 

FIG. 4a schematically illustrates a device 400 comprising 
a substrate 401, a semiconductor layer 403, a gate insulation 
layer 406A and a gate electrode material 405A. With respect 
to these components, the same criteria apply as previously 
explained, for instance, With respect to the devices 100 and 
200. Furthermore, in the manufacturing stage shoWn, an 
implantation mask 409 may be formed so as to cover a region 
400A While exposing a region 400B. In the embodiment 
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shown, the gate electrode material 405A may be provided as 
a substantially non-doped polysilicon material, Wherein an 
appropriate dopant species may be introduced into the region 
400B during the implantation process 410, Which may be 
performed on the basis of a tilt angle 0t, Which is to be 
understood as an angle betWeen a substantially perpendicular 
direction and the direction of an ion beam of the implantation 
process 410. The tilt angle 0t is selected such that the implan 
tation mask 409 may have a shadoWing effect for a portion of 
the exposed region 400B, thereby maintaining a substantially 
non-doped area 422, or the area 422 may have a signi?cantly 
reduced dopant concentration compared to the non- shadoWed 
area of the layer 405A. It should be appreciated that the 
corresponding implantation parameters of the process 410 
may be adapted to the tilt angle 0t so as to take into consider 
ation the “increased” thickness of the layer 405A When seen 
from the ion beam, thereby requiring increased implantation 
energy. 

FIG. 4b schematically illustrates the device 400 in a further 
advanced manufacturing stage in Which an implantation 
mask 407 covers the region 400B, While the region 400A is 
exposed to a further tilted implantation process 408 With a 
negative tilt angle, When the tilt angle 0t as shoWn in FIG. 411 
may be considered as a positive tilt angle. That is, the mask 
407 may have a shadoWing effect for the region 422 or at least 
a portion thereof so that, in general, an area of a signi?cantly 
reduced dopant concentration or an intrinsic area may be 
obtained above the isolation structure 402. Consequently, a 
respective “PN” junction betWeen the areas 400A, 400B may 
be signi?cantly modi?ed compared to conventional parasitic 
PN junctions, thereby also reducing the effect during a cor 
responding sensitive Wet chemical cleaning process. Thus, 
after removing the etch mask 407, the further processing may 
be continued by patterning the gate electrode material 405A 
on the basis of process strategies as previously explained, 
folloWed by an el?cient cleaning process in Which undue etch 
damage may be signi?cantly reduced. In this case, additional 
process steps compared to the conventional strategy may be 
avoided. 

FIG. 40 schematically illustrates the device 400 according 
to further illustrative embodiments in Which, prior to or after 
the sequence of tilted implantation processes 410 and 408, a 
further implantation process may be performed for introduc 
ing an inert species 421, such as nitrogen, in order to further 
modify the respective junction region 422. During the 
implantation process 420, a reduced dose may be employed, 
since the very Weak “PN junction” betWeen the regions 400A, 
400B may be e?iciently modi?ed on the basis of a signi? 
cantly reduced amount of inert species. Hence, the “e?i 
ciency” of the inert species 421 may be increased, since a 
reduced concentration results in an el?cient modi?cation of 
the critical area 422. Thereafter, the further processing may be 
continued, as previously described. 
As a result, the present disclosure provides semiconductor 

devices and methods for forming the same in Which yield 
losses of conventional process techniques for forming com 
plex CMOS devices may be reduced by providing an inert 
species in the gate electrode material prior to performing a 
Wet chemical cleaning process, thereby providing enhanced 
process stability in vieW of etch rate of the cleaning agent, 
Which may directly translate into reduced etch damage of the 
gate electrode structures. 

The particular embodiments disclosed above are illustra 
tive only, as the invention may be modi?ed and practiced in 
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different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. For example, 
the process steps set forth above may be performed in a 
different order. Furthermore, no limitations are intended to 
the details of construction or design herein shoWn, other than 
as described in the claims beloW. It is therefore evident that 
the particular embodiments disclosed above may be altered or 
modi?ed and all such variations are considered Within the 
scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims beloW. 
What is claimed: 
1. A method of forming a CMOS device, the method com 

prising: 
forrning a gate electrode material on a gate insulation layer; 
forming a ?rst mask above said gate electrode material, 

said ?rst mask covering a ?rst portion of said gate elec 
trode material and exposing a second portion of said gate 
electrode material; 

performing a ?rst tilted implantation process to form an 
N-doped region in said second portion of said gate elec 
trode material, Wherein said ?rst mask reduces N-type 
dopant penetration into a junction region of said gate 
electrode material betWeen said ?rst and second portions 
during said ?rst tilted implantation process; 

forming a second mask above said gate electrode material, 
said second mask covering said second portion and 
exposing said ?rst portion; 

performing a second tilted implantation process to form a 
P-doped region in said ?rst portion of said gate electrode 
material, Wherein said second mask reduces P-type 
dopant penetration into said junction region during said 
second tilted implantation process; 

forming a ?rst gate electrode from said N-doped region; 
forming second gate electrode from said P-doped region; 

and 
performing a Wet chemical cleaning process on said ?rst 

and second gate electrodes. 
2. The method of claim 1, Wherein performing said Wet 

chemical cleaning process comprises using a mixture com 
prised of ammonia (NH3) and hydrogen peroxide (HZOZ). 

3. The method of claim 1, further comprising introducing 
an inert species into said junction region. 

4. The method of claim 3, Wherein introducing said inert 
species comprises introducing at least one of xenon, argon 
and nitrogen. 

5. The method of claim 3, Wherein introducing said inert 
species in said junction region comprises performing a non 
masked implantation process. 

6. The method of claim 3, Wherein introducing said inert 
species in said junction region comprises forming an implan 
tation mask to cover at least a portion of said N-doped region 
and said P-doped region and to expose at least a portion of 
said junction region, and implanting said inert species into the 
exposed portion of said junction region. 

7. The method of claim 3, Wherein said inert species is 
introduced after forming said N-doped region and said 
P-doped region. 

8. The method of claim 3, Wherein said inert species is 
introduced prior to forming said N-doped region and said 
P-doped region. 

9. The method of claim 8, Wherein said inert species is 
introduced When forming said gate electrode material. 

* * * * * 


